Nature of printer-generated ultrafine particles and their formation processes by Wang, Hao et al.
This is the author’s version of a work that was submitted/accepted for pub-
lication in the following source:
Wang, Hao, He, Congrong, & Morawska, Lidia
(2011)
Nature of printer-generated ultrafine particles and their formation pro-
cesses. In
12th International Conference on Indoor Air Quality and Climate, 5-10 June
2011, Austin, Texas.
This file was downloaded from: https://eprints.qut.edu.au/108797/
c© 2011 [please consult the author]
Notice: Changes introduced as a result of publishing processes such as
copy-editing and formatting may not be reflected in this document. For a
definitive version of this work, please refer to the published source:
Nature of printer-generated ultrafine particles and their formation 
processes 
 
Hao Wang, Congrong He, Lidia Morawska* 
 
Queensland University of Technology, Brisbane, Australia 
 
*Corresponding email: l.morawska@qut.edu.au 
 
Keywords: secondary organic aerosol, VH-TDMA, indoor air quality, printer emission  
 
 
1 Introduction 
Laser printers are a significant source of 
ultrafine particles (< 100 nm) in the indoor 
environment (He et al. 2007). These particles are 
of a secondary nature and may pose risks to 
human health (Ewers and Nowak, 2006). A 
number of materials and mechanisms may 
participate to the formation of these particles 
(Morawska et al. 2009). However, whilst the 
mixing state of these generated particles can 
help to indirectly validate the proposed particle 
formation mechanisms, no studies have been 
conducted to investigate this to date. This study 
aimed to improve the understanding of ultrafine 
particle formation processes according the 
mixing state of printer-generated particles, by 
examining their volatility and hygroscopicity.  
 
2 Materials/Methods 
A commercial laser printer was tested in a 1 m3 
box chamber, along with common printed paper 
and the toner specified by the printer 
manufacturer. To investigate the particles 
emitted from printing with/without toner, 150 
pages were printed with 0% and 50% toner 
coverage, named PW-0% and PW-50%, 
respectively. Particles formed without the use of 
paper and toner were also examined by 
consecutively repeating the warming-up process 
6 times with an interval of 2 minutes (PWO). 
 
The volatility and hygroscopicity of generated 
particles with a diameter of 50 nm were 
measured by a volatilization and humidification 
tandem differential mobility analyser system. 
This system is described in detail elsewhere 
(Johnson et al. 2004). The particle number 
concentration and size distribution, as well as 
ozone concentration were monitored with a 
condensation particle counter, a scanning 
mobility sizer and a UV-106 ozone meter, 
respectively. The temperature and RH were also 
measured by a TSI Model 8552 Q-Trak Plus. 
 
3 Results 
 
 
Figure 1. Volatility distributions of printer-
generated particles as a function of the 
temperature of the thermal-denuder.  
 
The volatility results are shown in Figure 1, 
which demonstrates that most printer-generated 
particles were stable below 60 oC, with over 80% 
volume loss at the temperature of 180 oC. 
Additionally, different volatility performances 
were detected for particles generated from PWO, 
PW-0% and PW-50%. With the exception of 
PW-0%, monodisperse particles generated from 
PWO and PW-50% separated into several size-
dependent groups with an increase in 
temperature. Although the dominant particles 
did not start evaporating until 120 oC, the 
sudden-shrinkable particles, only seen in PWO, 
immediately lost about 40% volume above 65 
oC. In addition, for both PWO and PW-50%, 
some particles grew up in the temperature range 
of 70-120 oC with a 50-100% volume increase. 
  
 
Figure 2. Change of size distributions of 
volatilized particles after humidification. At a 
specific temperature, 0 < HDI ≤ 1 and -1 ≤ HDI 
< 0 indicate the concentration increase or 
decrease of particles with a same size after 
humidification, respectively.  
 
The hygroscopicity results are shown in Figure 2. 
All particles generated had low level or non-
hygroscopicity and their size modes overlapped 
significantly at higher temperatures. Therefore, 
the hygroscopicity dynamic index (HDI), a new 
variable, was introduced to describe the change 
of particle size due to humidification, in lieu of 
the hygroscopicity growth factor (HGF). 
Particles generated from PW-50% showed more 
hygroscopicity than PWO and PW-0% within 
the lower temperature range where the particles 
grew, while particles emitted from PW-0% 
showed stronger hygroscopicity than PW-50% 
within the higher temperature range where the 
particles shrunk after exposure to high RH. 
Particles generated from PWO presented much 
less hygroscopicity throughout the entire 
experiment. It is worth noting that the 
hygroscopicity was only applied to the particle 
residues after they were heated. 
 
4 Conclusions 
The volatility and hygroscopicity of printer- 
generated particles were examined in this study. 
The results demonstrated that although their 
sizes may be quite similar, laser printers 
generated ultrafine particles with different 
volatility and hygroscopic properties, which 
indirectly supports the hypothesis of multiple 
mechanisms involved in the particle formation. 
The dominant particles in all three tests, named 
PM-I, were composed of uniform species or a 
well-layered mixture with the gradual increase 
of volatility from inside to outside. These type 
of particles may be formed through the 
homogeneous or heterogeneous nucleation of 
the semi-volatile organic compounds (SVOCs) 
emitted by the printers. Both the expandable and 
sudden-shrinkable particles, named PM-II and 
PM-III respectively, may have a shell-core 
structure where there are gaps of volatility 
between the shell and the core. PM-II has a 
lower-volatility shell in contrast to PM-III, 
which has a lower-volatility core. With the 
increase in temperature, the higher-volatility 
fraction of the particles evaporated first, which 
is likely to have led to the sudden volume loss 
for PM-III, as well as the gradual volume 
increase for PM-II. The fact that no paper or 
toner were involved in PWO, causing much 
lower emissions of VOCs and SVOCs, can well 
explain the volatility performance of PM-III. On 
the other hand, the polymerization on the 
surfaces of the particles with styrene monomers 
and dimers from the pyrogenation of toner 
powder and paper, may provide oligomers with 
viscoelastic property for the shell of PM-II, 
which is a possible reason why PM-II was not 
immediately broken during the gasification of 
the core materials in progress.  
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